Non-invasive autonomic nervous system (ANS) assessment is often based on physiological challenges, such as the Valsalva maneuver and head-up postural change for the sympathetic nervous system (SNS) and deep breathing for the parasympathetic nervous system (PSNS). A common assumption about the ANS is that the predominant response is from stimulation of one ANS branch, and the opposing branch decreases its response or does not respond to the challenge. Partially responsible for this assumption is an incomplete understanding of the ANS.
psychological states 19 can cause autonomic imbalance and associated P dysfunction. Severe acute conditions can precipitate PE, including trauma, 20 injury, infection, surgery, cancer, and myocardial infarction (MI).
Preliminary evidence suggests that multiple pregnancies can cause PE in women, and severe or chronic exposure to chemicals, cold, and allergens can also affect PE. Stress, excess caffeine, nicotine, and other chemical 21, 22 and environmental exposures can also affect autonomic balance. PE may also be genetically mediated, as evidenced by colic in infants.
Establishing PE may help clarify a diagnosis when patients demonstrate multiple seemingly contradictory symptoms (e.g. hypertension with depression) and provide a more integrated approach to therapy.
Disease can cause autonomic imbalance; for example, pain causes S excess that can lead to early hypertension. Disease can also be caused by autonomic imbalances. For example, dizziness on standing up (orthostasis or syncope) is caused by S abnormalities. Therefore, it seems reasonable to hypothesize that every autonomic imbalance is a separate and distinct dysfunction. A single agent can often address both the primary disease and autonomic disorders. PE can also be treated concurrently. Once the PE is corrected, the patient is more stable and the primary disease(s) can be treated more aggressively.
Measures of P and S activity are critical to understanding the true nature of autonomic dysfunction and its clinical implications. Simultaneous, independent documentation of P and S activity has provided more insight into many commonly observed clinical conditions. Such measures have identified failures in the reactive push-pull dynamics within the ANS. PE appears to be the primary autonomic disorder and the (reactionary) S abnormalities appear to be secondary. This article will discuss longitudinal studies showing PE, its correction, and outcomes.
Background
PE presents in response to an S challenge. For example, any type of P increase in response to head-up postural change (standing) is considered abnormal. Normally, P activity decreases first, potentiating the S increase that follows to perpetuate the expected vasoconstriction required to counter orthostasis. Stress responses such as short Valsalva maneuvers (<15 seconds) are expected to cause a decrease in average P activity. An increase in P activity to either of these S challenges appears to force a higher S response than typical for that patient and the condition. These relative S excesses (SE) are often experienced as increases in blood pressure (BP) or heart rate (HR), and as such may be treated as a primary SE. However, patient responses under these autonomic conditions are unexpected. By definition, PE is a dynamic autonomic imbalance and not a resting imbalance. Understanding the physiology of some commonly used clinical assessment challenges can help to elucidate PE and its clinical implications. The short Valsalva maneuver is normally a significant S challenge and should have little or no net P effect. Valsalva simulates normal stresses that occur daily, such as exercise, bowel movements, and domestic, environmental, and workplace-related stress. Clinically, Valsalva can help differentiate normalized hypertensives from those who are only normotensive at rest and still at risk for stroke or myocardial infarction (MI) due to SE from stress. The head-up postural change challenge is a challenge to both ANS branches, and a test of coordination between the two. As the P activity is expected to decrease and the S activity is expected to increase, the commonly perceived net effect is that postural change is an S challenge. It should be noted that the predominant S response to
Valsalva is a beta-adrenergic response, and the predominant S response to postural change is an alpha-adrenergic response. In this way, it is possible to detect both an SE (in response to Valsalva) as well as an S insufficiency or S withdrawal (in response to postural change).
Normal Autonomic Nervous System
Responses to a Valsalva Maneuver Figure 1 depicts the instantaneous HR (purple) and respiratory (blue) responses of a normal subject during a short Valsalva. During a short Valsalva, there is a sudden increase in intrathoracic pressure. This mechanical pressure increase is falsely interpreted by the baroreceptors at the heart as a sudden increase in BP due to an increase in cardiac output. In actuality, the Valsalva lowers cardiac output by shunting blood away from the heart. The Valsalva is initiated by inhalation (see Figure 1 , #1, respiratory response in blue), causing P (vagal) inhibition, immediately followed by an increase in HR (see Figure 1 , #1, HR response in purple) from the cardiovagal inhibition as stretch receptors in the lungs are unloaded. The sudden increase in intrathoracic pressure stimulates the thoracic baroreceptors, which causes a momentary P response, followed by a drop in HR (see Figure 1 , #2, HR response). As blood is shunted away from the thorax, two reflexes, the baroreceptor reflex and the venoarteriolar axon reflex, stimulate S activity. Due to decreased venous return to the heart and decreased cardiac output, aortic pressure reduces and the aortic baroreceptors are unloaded. In addition, there is no opposing peripheral vasoconstriction and no pre-existing S activity upon initiation of the Valsalva. Therefore, as blood is shunted freely into the peripheral vessels, the venoarteriolar axon reflex is initiated as transmural pressure within the blood vessels begins to exceed 25mmHg.
As a result, S activity is stimulated and there is a gradual increase in HR (see Figure 1 , #3, HR response). 
gradual increase in HR starting at (3). Upon release of Valsalva during exhalation (4), there is an overshoot of blood pressure (BP) resulting from the sudden rush of blood back to the heart. This overshoot is compounded by the residual sympathetic activity (causing peripheral vasoconstriction) exaggerating the blood rush into the thorax and opposing venous return into the extremities. The deep inhalation (5) causes parasympathetic inhibition and a subsequent rise in HR. After the release of the Valsalva, HR and RA finish returning to normal (6). Normal sinus (HR) rhythm returns (7), synchronized with RA, and continues until the end of the recording (8).
On release of the short Valsalva during exhalation (see Figure 1 , #4, respiratory response), there is an overshoot of BP resulting from the sudden rush of blood back to the heart. This overshoot is compounded by the residual S activity (causing peripheral vasoconstriction) exaggerating both the blood rush into the thorax as well as the opposing venous return into the extremities. The baroreceptors in the thorax sense this sudden stretch that causes a P surge to inhibit S activity. As a result, HR begins to return to normal. Immediately following the release of Valsalva, the HR continues to increase for a short period of time for two reasons. First, just as the S activity is slower to rise, it is also slower to fall. As a result, there is a short period of residual S activity. Second, it is the natural response on release of the Valsalva to inhale deeply (see Figure 1 , #5, respiratory response), which causes P (vagal) inhibition and a subsequent rise in HR (see Figure 1 , #5 HR response). After the release of the Valsalva, HR and RA finish returning to normal (see Figure 1 , #7).
Normal sinus rhythm, synchronized with the respiration, continues until the end of the recording (see Figure 1 , #8).
Therefore, in normal subjects, short Valsalva maneuvers are expected to create a significant rise in S activity (compared with that at rest) with little if any overall increase in P activity (compared with that at rest), especially when averaged over the course of the Valsalva challenge (see Figure 2 , section D). From the table in Figure 2 , the subject's S activity Valsalvas) with a relatively small increase in P activity.
Normal Autonomic Nervous System Responses to a Rapid Postural Change
Postural change is not as stressful as a Valsalva maneuver. Therefore average or instantaneous S responses to standing (see seconds (see Figure 3 , #1 to #2, HR response in purple). This is followed by a more gradual increase occurring in the next three to 12 seconds (see Figure 3 , #2 to #3, HR response).
As the S system takes three to five seconds to respond, 23 the initial HR increase cannot be due to S activity. Rather, it is due to a combination of P (vagal) inhibition and the exercise reflex. The exercise reflex is initiated as the leg muscles are engaged during postural change. The leg muscles manually clamp down on the peripheral blood vessels, helping to maintain blood in the abdomen and support the heart. This is supported Autonomic Imbalance by P inhibition, potentiating the expected S surge by causing a relative S dominance. As the S system responds and initiates peripheral vasoconstriction, the gravitational effect on the blood while standing is opposed. The absolute amplitude of the S response is minimized by the P inhibition. Following the exercise reflex, an additional S stimulus, the venoarteriolar axon reflex, is engaged. This reflex is thought to account for 40% of the peripheral vascular resistance during stand. 23 S activation can be seen in Figure 3 as a gradual increase in HR (see Figure 3 , #2 to #3, HR response). S activation maintains cardiac-filling pressure by constricting the splanchic (visceral) capacitance vessels. As peripheral vascular resistance increases, core S discharge stimulates the core P neurons. Finally, a saturation point is reached within the baroreceptors and the P system normalizes HR to a new baseline level (see Figure 3 , #4, HR response). Hemodynamic postural change responses include a 10-30% increase in mean HR and a 0-10% increase in mean arterial pressure. 23 This is because the baroreceptors located in the carotid artery now sense a lower capillary pressure than that during sitting. This pressure differential provides the stimulus that maintains increased S activity while also maintaining upright posture. The net normal result is an expected decrease in P activity followed by an increase in S activity and an associated increase in HR, BP, and depth of respiration. PE blunts this feedback.
Methods
Serial autonomic profiling of 1,340 patients (746 females, 55.7%) was performed using the P and S method ( 
Treatment Protocols
Treatment protocols were developed based on the following observations.
The P system establishes and regulates metabolic thresholds to which the S system reacts or responds. The upper medullary brain stem nuclei, the nucleus solitarius, the dorsal nuclei of the vagus nerve, and surrounding small nuclei, which give rise to the vagus nerve, link the mind and body. were developed. For patients with PE and CVD, including hypertension, low-dose carvedilol should be considered, dependent on patient history. If a beta-blocker is already on board, dose-equivalent carvedilol should be considered. The beta-adrenergic antagonist in carvedilol addresses CVD, and the alpha-adrenergic antagonist that is known to cross the blood-brain barrier, appears to indirectly address PE. [24] [25] [26] [27] [28] For PE patients without CVD, low-dose anticholinergics (e.g. amitriptyline or nortriptyline, starting with 12.5mg daily at dinner, or duloxetine, starting with 10mg daily at dinner) can reduce systemic P activity. In many cases, PE masks S withdrawal, which has been linked to hypertension 29 and other symptoms. 
Results
Patients with PE often demonstrate normal HR and BP and no other cause is evident from the standard physical tests. In fact, 2.2% of the cohort was initially diagnosed as healthy. PE can be associated with a host of symptoms, including:
• sleep difficulties (difficulty falling asleep or frequent waking at night, even to go to the bathroom; 13.7%), with 6% diagnosed with obstructive sleep apnea;
• evening edema, restless leg syndrome, varicose veins, or poor peripheral circulation (3% diagnosed with restless leg syndrome); PE appears to mask S withdrawal when standing, and in pain patients the condition appears to underlie fibromyalgia (2%). PE can differentiate complex regional pain syndrome (CRPS) and vasovagal syncope, and a genetic predisposition has been suggested.
After treating for PE, more than half of the patients reported increased dizziness when standing, especially in patients with CVD. As a result, when PE patients are prescribed carvedilol, they are also given low-dose midodrine, depending on patient history. We have observed that correcting for this dynamic autonomic imbalance can reduce the severity of the primary disease or disorder, and in some cases, eliminate symptoms altogether.
Conclusion
The current working hypothesis is that PE during physiological 
